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Introduction
DDGS, as a co-product from dry-grind ethanol plants, has become a significant 
and partial replacement for corn, soybean meal, and inorganic phosphates in 
diets of growing animals ( based on Xu et al, 2010)
Some of the nutrient advantages of DDGS are countered by fiber content (NDF, 
ADF, NSPs, etc.), which is approximately 3 times greater than those in corn and 
soybean meal (various references)
Fiber dilutes nutrients and energy in DDGS making their value less desirable in 
certain types of feeds or/and at higher DDGS inclusions
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Why could fibre be problematic for pigs and poultry ?
BOXES IN NUTRIENTS
Preventing nutrient exposure to 
the animal’s own digestive 
enzymes 
INTERFERES 
WITH 
EFFICIENT 
DIGESTION 
INCREASES SECRETION OF 
SALIVA
Leading to loss of nutrients
INCREASES VISCOSITY
Slows the digesta transit
ACTS LIKE A 
SPONGE
Increases water 
holding capacity 
and reduces feed 
intake

For a nutritionist, DDGS contains one of the highest levels 
of fiber (arabinoxylan)
Source: Danisco Animal Nutrition NSP database  
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Enzymes, antinutrients and digestibility improvements 
Enzymes are key for a successful and efficient use of nutrients
• In animals: for energy, amino acids, mineral digestibility - performance benefits
• In ethanol production: starch hydrolysis (Gen1) other compounds 
During the ethanol production from corn, starch and dextrose degrading enzymes 
are used (amylase and glucoamylase, respectively) together with protease and 
phytase
Fiber, is a natural next target for enzymes with various fiber-hydrolyzing potential 
(xylanases, cellulases, etc.) with an impact to:
• Provide sugars for further fermentation
• Improve nutritive value of co products 
• Disrupt hydrogen bond with polysaccaride to enhance water removal of the whole 
stillage and reduce a need to dry DDGS (Thomas, 2009) 
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Why use enzymes in animal production?
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E.g. Pigs and poultry do not produce fibre 
digesting enzymes to cope with fibrous 
ingredients in their diets. 
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A ‘dictionary’ of carbohydrate terms
CARBOHYDRATES
Ileal digestible 
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Non Starch Polysaccharides (NSPs)
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FOS,MOS
Resistant 
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Storage 
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mannans
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Acid Detergent Fibre
(ADF)
Cellulose / 
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Lignin
Please note that the size of the boxes in this figure is NOT in proportion to the levels of each component 
Past experience with DDGS: dry matter digestibility correlating well with 
true metabolizable energy (TMEn) and fiber
y = 0.4306x2 - 24.413x + 3277.9
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y = -0.7773x2 + 8.0009x + 51.635
R2 = 0.6629
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Past experience with very high correlation observed between NDF 
and DM digestibility
y = -0.2233x2 + 9.6128x - 33.836
R2 = 0.7577
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Feed enzyme effect on fiber, protein, fat and energy 
digestibility – growing pig 65 to 132 lbs; 40% DDGS in diet
DX.US.S.37, University of Illinois 
NDF - fiber
Feed enzyme effect on feed conversion (lbs of feed per lbs of 
gain) and value – growing pig 33 to 88 lbs; 20 - 40% DDGS in diet
DX.US.S.35, University of Minnesota
Not just fiber hydrolyzing enzymes impact pentosan (fiber) solubilization -
protease solubilises pentosans and protein in corn-DDGS
6/9/2016 Pedersen et al., 2015
Challenges within DDGS value chain
Fiber structure complexity 
Response to feed enzymes in animals impacted by:
• pH optimum, passage time, moisture and temperature of 
gastrointestinal tract
• Environment (summer vs. winter; stocking density)
• Health status of animals
• Other ingredients/additives present 
• Other factors
Multifaceted approach required
• Improving DDGS digestibility at the time of production 
• Conditions control opportunity in ethanol plants 
• Array of enzyme activities to improve fiber breakdown 
• Complementary non-enzymatic methods to improve fiber breakdown 
Phosphorus
Phosphorus in DDGS
P levels in DDGS 
relatively high
Biovailability of P also 
high (compared to 
other plant-based 
ingredients)
Variability of P 
availability is large 
(Table, min 49% and 
max 0.75%, in poultry)
DDGS 
Sample
Bioavail. 
(%)
Total P 
content
(%)
Bioavail. P 
(%)
1 69 0.72 0.49
2 102 0.74 0.75
3 82 0.72 0.59
4 75 0.73 0.55
5 62 0.67 0.42
6 70 0.76 0.53
7 82 0.72 0.59
8 87 0.77 0.67
9 84 0.74 0.62
Average 79 0.73 0.58
Std 
deviation
11.8 0.03 0.10
CV% 15.0 3.9 16.8
Parsons et al, 2006
Phytate P levels can be reduced in DDGS from 
ethanol production process with phytase
6 samples of DDGS from 
processes with or without 
bacterial phytase addition 
were obtained (Genencor 
International Ltd.)
One batch of corn was used 
for production of all DDGS 
samples
Samples were subjected to 
various analyses
Total P (and phytate-P) 
concentrations in the samples 
with and without phytase 
averaged 1.26% (0.05%) and 
1.24% (0.34%) respectively
Phytate P as a % of total P
PXP – samples of DDGS from ethanol process where
phytase was used
Hruby et al, 2007
Beyond P impact – poultry digestibility values 
Parameter DDGS -
phytase
DDGS + 
phytase
% impr. P 
value
Dry matter digestibility, % 61.98 66.61 7.5 0.11
TME, kcal/kg DDGS (dmb) 3425 3641 6.3 0.04
Total amino acid dig., % 80.79 84.57 4.7 0.15
Essential AA dig., % 79.46 82.59 3.9 0.24
Non-essential AA dig., % 82.99 87.85 5.9 0.06
Essential amino acids: Arg, His, Iso, Leu, Lys, Met, Phe, Thr, Try, Val
Non-essential amino acids: Ala, Asp, Cys, Glu, Ser, Tyr
Data presented as a main effect of phytase treatment, digestibility conducted in
an adult chicken. 
Phytase in ethanol process
Hruby et al, 2007
Fiber hydrolyzing enzymes
Objective and hypotheses 
The use of fiber hydrolyzing enzymes (T. reesei derived NSP hydrolyzing 
enzyme blend with up to 100 measurable activities) in first generation 
ethanol plants (fermenter) will impact co-product (DDGS) fiber make up 
compared to DDGS produced in plants without fiber hydrolyzing 
enzymes* 
The use of fiber hydrolyzing enzymes during the ethanol production 
process will impact nutritive value of DDGS when evaluated in adult 
roosters.   
*the impact of this process on dewatering of whole stillage during centrifugation has been
described previously (Thomas, 2009)
Hruby et al, 2015
Laboratory analyses – dry matter basis, %
TP DDGS
FHP 
DDGS
Difference in 
%
Protein, Combustion 29.72 30.87 3.9
Crude Fat 10.84 12.19 12.5
Crude Fiber 8.15 5.74 -29.6
Ash 5.24 5.27 0.6
Fiber, Acid Detergent 16.74 13.90 -17.0
Fiber, Neutral Detergent 29.85 26.19 -12.3
Calcium 0.03 0.03 0.0
Chloride-Soluble 0.18 0.18 0.0
Phosphorus 0.88 0.80 -9.1
Potassium 1.16 1.01 -12.9
Sodium 0.09 0.08 -11.1
Phytic acid 1.30 1.42 9.2
Sulfur 0.45 0.46 2.2
DuPont Industrial Biosciences, Eurofins Scientific, Des Moines, IA
TP DDGS – traditional process; FHP DDGS – fiber hydrolyzing process
Hruby et al, 2015
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Impact of fiber hydrolyzing enzymes on insoluble NSPs in 
DDGS
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No rhamnose, fucose and glucoronic acid were detected. DuPont, Englyst Carbohydrates, Ltd , UK
Hruby et al, 2015
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Impact of fiber hydrolyzing enzymes on soluble NSPs in 
DDGS
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TMEn (kcal/kg DM) of two DDGS samples from different 
ethanol production processes 
3162a
3446b
TP FHP
P = 0.0008
+ 9%
Rooster precision feeding assay, dry matter basis、University of Illinois
~ Gross energy 
for either sample at
around 5355 kcal/kg
TMEn only 64% of GE
space to improve
Hruby et al, 2015
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Economic scenarios – young turkey diet
Ingredients Cost, $/cwt No DDGS,％ TPDDGS,％ FHP DDGS,％
Corn 6. 39 52.15 47.29 48.31
SBM, 48% 15.7 34.21 29.31 28.88
DDGS 8.75 0 10 10
MBM, 55% 2.0 6 6 6
Wheat 8 3 3 3
Fat 23.75 1.65 1.49 0.86
DCP 27.5 1.03 0.77 0.77
Limestone 4 0.75 0.95 0.95
Other Variable to 100 to 100 To 100
Cost $/ton 233.1 225.7 223.1
FHP DDGS have ~11% greater value vs. TP DDGS
April/May 2015 Midwest ingredient pricing Hruby et al, 2015
Generation 1.5 Ethanol Production
Getting more out of EACH kernel of corn
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Corn kernel composition
26
• Summarized  in Gulati et al (1996); via Literature (quoted often)
• Watson (1987), Earle et al (1946)
Percent Hemicellulose 
 Cellulose
 Lignin 
Corn Kernel 8.1 *
Location
Tip cap 0.1
Hull (bran) 51
Endosperm 27
Germ 16
Total 94.1
27
Corn Kernel has about ~8% fiber
30% Cellulose
35% Xylose
30% Arabinose
5% Other
Residual Starch
Pretreatment
Conventional Yeast
Conventional Yeast
Advanced 
Ethanologen
Corn kernel fiber components
C6
C6
C5
Cellulosic and 
Conventional
Enzymes
• Summarized  in Gulati et al (1996); via Literature (quoted often)
• Watson (1987), Earle et al (1946)
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Fiber components to ethanol breakdown
We use a range because of some data differences between sources
• Summarized  in Gulati et al (1996); via Literature (quoted often)
• Watson (1987), Earle et al (1946)
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Dry Grind - additional Value for a 100 MGPY Plant (why?)
Quantity Contribution
Low High Price Low High
Ethanol 6 12 $1.5 per gallon $9 $18 
D3 RINs 6 12 $1.0 per gallon $6 $12
Corn Oil 18 36 $0.24 per lb $4 $8 
Tax credit 5 5 $1.0 per gallon $6 $12
DDGS (51,796) (100,845) $120 
per short 
ton ($6) ($12)
$19 $38
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Assumes Cellulose + Xylose + Residual starch conversion. No Arabinose
DuPont confidential 
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From typical dry grind to whole stillage re-fermentation
30
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Kim, Youngmi, Mosier Nathan, Ladisch Michael R., 2007, Process Simulation of Modified Dry Grind Ethanol Plant with 
recycle of pretreated and enzymatically hydrolyzed distillers’ grains, Bioresource Technology, 99 (2008) 5177-5192
Example – corn coproduct analyses from traditional dry 
grind and 1.5 GEN 
Parameter Traditional 
process DDGS
Gen 1.5 – co
product
Difference, %
Protein, % 27.3 33.7 +23
Oil, % variable variable -
Lysine, % 1.00 1.12 +12
Methionine, % 0.49 0.64 +30
Threonine, % 1.07 1.22 +14
Soluble AX - % 
of total AX
4.3 91.6 +87
Insoluble AX -
% of total
95.7 8.4 -87
31
Separate sources of coproducts analyzed – produced at different locations, different batches of corn
!
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Summary and conclusions
 Fiber hydrolyzing enzymes ( although not limited to) in monogastric animal feeds or 
in ethanol plants can impact characteristics of DDGS
 In our research and a commercial experience, we have seen a strong impact of 
enzymes on the fiber fractions 
 There was an influence of enzymes on the make up of fiber fractions with a 
reduction in insoluble NSPs and an increase in soluble NSPs – specifically 
arabinoxylans
 GEN 1.5 process seems to almost fully change the presence of both arabinoxylan
fractions to a degree we have not seen in previous treatments
 Insoluble fraction would be typically associated with a nutrient caging, an increased 
water holding capacity (sponging) and an impact on performance such as lower 
intake and digestive disorders
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